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1 INTRODUCTION 
Floating mills were first recorded in Rome in 540 
AD when Belisarius had them built during Vi-
tibes’s siege of Rome. They usually consisted of a 
mill boat, which contains the mill’s machinery, 
and a water wheel which is usually supported by 
the boat on one, and an additional float on the 
other side. Sometimes, floating mills were built 
with two symmetrical floating bodies, often with 
conically shaped bows to guide the water into the 
wheel, or with a central boat and two wheels on 
each side, Reynolds (1981). Fig. 1 shows a draw-
ing of a typical floating mill of the 18th century. 
From the Middle Ages onwards, floating mills 
were built in Europe and in Cologne/Germany, 
there were 17 floating mills in operation as late as 
1856, Fig. 2a. The mills were tied to a bridge and 
arranged in one row. On the river Elbe, floating 
mills only ceased operation in 1911, Gräf (2007). 
Floating mills were often installed in areas of rap-
id flow, with flow velocities of up to 3.2 m/s, 
Müller (1939). The main reasons for their disap-
pearance were the comparatively low power out-
put, and the interference with shipping. 
 
Fig. 1: Typical floating mill, 1735 (Ernst, 1805) 
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Fig. 2: Typical floating mills (a) Floating mills at Cologne / 
Rhine, 1856 (b) Replica mill (Rhine, 2008) 
The wheels of floating mills usually had a di-
ameter of 4 to 5 m, with six to twelve blades of 
0.5 to 0.7 m depth which were submerged by 0.4 
to 0.5 m, and widths of 2 to 6 m, e.g. Bresse 
(1869), Weisbach (1883). For the tangential ve-
locity of the wheel, a value of 0.4 of the velocity 
of the river current is recommended as a compro-
mise between a slight reduction in power and a 
faster speed of rotation of the wheel, which re-
duced the gearing requirements. Weisbach also 
gives a design method and theoretical efficiencies 
as a function of the number of blades of 0.265 for 
eight, and 0.428 for 16 blades. In his book he 
mentions full scale measurements from Bossut, 
who found efficiencies of 0.384 for a wheel with 
24 blades.  
2 CURRENT SITUATION 
Today there are again floating mills built very oc-
casionally either as replicas of historical mills, see 
the mill designed by Brüdern (2007), or to gener-
ate hydropower from the river current. The wish 
to exploit renewable energy sources has generated 
a renewed interest in this ancient technology, 
since floating mills have a number of practical ad-
vantages such as easy constructability and subse-
quently low costs, automatic adjustment to the 
water level and constant power generation. A 
large number of patents has been issued on varia-
tions of the theme, and several development 
projects are currently ongoing, Fig. 3. Very little 
actual engineering information is however availa-
ble for these projects.  
 
  
 
Fig. 3: Current research and development projects (a) Float-
ing water wheel model, www.flusstrom.de, (b) Floating mill 
in Baltimore/ USA, (www.waterwheelfactory.com) 
Although the energy contained in water cur-
rents of typical velocities in rivers is comparative-
ly small, floating water wheels have the potential 
to provide a simple technology for decentralized 
power generation in larger and large rivers e.g. for 
application in developing countries. From this 
point of view a further research into this ancient 
technology appears to be justified. The kinetic 
power Pkin of a fluid of area A can be determined 
as a function of the flow velocity v0: 
2
3
0vAPkin ⋅⋅= ρ   (1) 
Since the kinetic power is a function of the ve-
locity cubed, it increases significantly as v0 in-
creases. In real terms however, typical flow veloc-
ities in rivers range from 1 to 3 m/s so that the 
kinetic power for one square meter ranges from 
0.5 to 13.5 kW/m². Power densities are therefore 
quite low. The theory of floating mills, e.g. Morin 
(1864),  assumes the blades to be fully submerged, 
infinitely long rectangular plates with a drag fac-
tor of CD = 2.0. With a blade area A, a flow ve-
locity v0 and a blade velocity v1 the power P gen-
erated can then be described as: 
( ) 12102 vvvCAP D ⋅−⋅⋅= ρ   (2) 
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The power reaches a maximum at v0 = v1 / 3, 
with an efficiency η = 8/27 or 0.296. For a typical 
blade area of A = 0.5 × 5 = 2.5 m², the theoretical 
power is given in Fig. 4 as a function of the flow 
velocity. The graph indicates that in order to 
achieve significant power output, flow velocities 
of 2 m/s and more are required. 
 
Fig. 4: Theoretical power for A = 2.5 m² 
For the design, diameters of D = 3.5 to 6 m 
were recommended  with 8 to 12 blades and blade 
depths b of  b = D/8 to D/10, Bresse (1876) or 
Müller (1939). These values are however empiri-
cal. Weisbach (1883) developed a formula to take 
account of the number of submerged blades z1, 
and gives the efficiency as 
181
16
z⋅=η    (3) 
which however is only valid if the number of 
blades is not large. i.e. 
10
0
1 vv
v
z −<  (4) 
Weisbach however assumed Borda’s theory for 
momentum to be correct; today Parent’s theory is 
generally accepted which gives a slightly in-
creased theoretical efficiency of η = 24/81. In 
Weisbach’s book this difference is compensated 
by optimistic values for the number of submerged 
blades. Blockage effects due to the proximity of 
the river bed and losses are not considered, and 
the effect of blade angle is recognized but not 
quantified. Despite the fact that several research 
and development projects in the area of floating 
water wheels are currently ongoing, little or no 
progress in theoretical work has been reported 
since the 1880’s.  
3 EXPERIMENTAL PROGRAMME 
3.1 Experimental set-up 
In order to investigate the performance of a water 
wheel in deep water, a series of experiments was 
conducted at Southampton University. The aims 
were to determine converter characteristics as a 
function of the blade number and to assess possi-
ble environmental effects. A 500 mm diameter 
wheel was built which could accommodate either 
8, 12 or 24 blades. The wheel consisted of two 
450 mm diameter Perspex disks; the blades had a 
width of a = 250 mm, and a depth of b = 50 mm 
whereby half the blade depth was fitted into slots 
machined into the Perspex disks. The width of the 
blade is assumed to produce near 2D flow condi-
tions, so that the drag factor of the blade can be 
taken to approach CD = 2.0. The power take-off 
consisted of a Prony-brake, with a 46 mm diame-
ter brake disk fitted onto the shaft.  
Tests were conducted in the 12 m long, 0.3 m 
wide and 0.4 m deep continuous flow tank with a 
constant water depth of 215 mm, and flow veloci-
ties of 0.2 to 0.59 m/s. Assuming a scale of 1:10, 
this corresponds to full scale flow velocities of  
0.8 to 1.9 m/s and therefore the lower range of op-
erational velocities for floating mills. The flow ve-
locities were determined as the free wheeling ve-
locity of the wheel.  
In addition, flow visualization experiments 
were conducted in order to assess the flow veloci-
ties underneath the wheel since the possibility of 
wheel induced bed erosion appears to be the most 
important potential environmental effect of such a 
technology. The experiments were conducted by 
inserting neutrally buoyant particles (expanded 
polystyrene, d = 0.5 – 0.8 mm) upstream into the 
flow in the centre section of the canal. A Casio 
EX-F1 camera capable of recording 60 fps at 6 
MB was located at 1 m distance from the side of 
the channel. Lighting was provided by an over-
head photographic light.  
3.2 Blockage and wall effects 
The blades of the wheel model described in the 
previous section had a submerged depth of 50 mm 
for a water depth of 215 mm, giving a ratio of 
blade to water area of 0.2. The experimental set-
up constitutes a 2D-flow situation with limited 
depth, resulting in blockage effects which increase 
the power output and which need to be addressed  
to make the results more generally applicable. Ba-
haj et al. (2007) gave power correction factors for 
tests with continuous flow situations for tidal tur-
bines (i.e. without a free surface) as a function of 
the blockage area ratio, Fig. 5. Since the pressure 
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increase in a free surface situation expresses itself 
as a rise in water level, it is assumed that these 
theoretically derived factors are applicable here. 
 
Fig. 5: Effect of blockage ratio on power output (after Bahaj 
et al., 2007) 
Wall effects also need to be considered. The 
wheel blades have a width of 250 mm inside of 
the 300 mm wide channel. This means that effects 
of the immediate wall vicinity on the wheel are 
reduced. Since the free wheel velocity of the 
wheel, i.e. the average velocity over the wheel 
width, is employed as the effective velocity mea-
surement the authors consider further wall effects 
to be included in the analysis.  
4 EXPERIMENTAL RESULTS 
4.1 Performance characteristics 
Initially, measurements were conducted with three 
different flow rates. It was however found that the 
friction brake led to unsteady movement of the 
wheel for very low velocities of less than 6 rpm. 
Only the experiments with flow velocities be-
tween 0.56 and 0.59 m/s are therefore reported. In 
order to take account of blockage effects caused 
by the limited water depth, the experimental re-
sults were reduced by a factor of 1.3 for a block-
age ratio of 0. 2, according to Fig. 5, in order to 
generate values representative for a situation 
where the river bed has no influence on the meas-
ured power. The efficiencies for three different 
blade numbers, and flow velocities ranging from 
0.56 to 0.59 m/s are shown in Fig. 6a. It can be 
seen that efficiencies increase with increasing 
blade number as Eq. (3) suggests. Efficiencies 
range from 25% for 8 blades, to 42% for 24 
blades.  
The results for eight blades (one blade in con-
tact with the water) are within the range expected 
from simple momentum theory. The maximum ef-
ficiencies occur for a velocity ratio of v1 / v0 = 0.4 
to 0.55, confirming the observations reported by 
various authors (e.g. Weisbach, 1883). There is a 
difference from Eq. (2), where the maximum oc-
curs for a velocity ratio of v1 / v0 = 1/3. The num-
ber of blades in contact with the water apparently 
affects the momentum exchange in a way similar 
to the Pelton turbine, e.g. Becker & Piltz (1995)  
 
 
Fig. 6: Efficiency as function of blade number, Blockage 
reduction factor fb = 1.3, (a) Efficiency as function of ve-
locity ratio v1 / v0 , (b) Experimental and theoretical effi-
ciency 
In Fig. 6b the maximum efficiencies from the 
experiments and the theoretical values from Eq. 
(3) are given as a function of the blade number. It 
can be seen that Weisbach’s formula gives a rea-
sonable estimate for the effect of blade numbers.  
4.2 Scaling 
The tests were conducted at a scale of approx-
imately 1:10. The effectiveness of a water wheel 
depends largely on the drag forces exerted on each 
blade, which are a function of the Reynolds-
number. At model scale, a flow velocity of 0.56 
m/s results in a Reynolds-number of Re = 2.8 × 
104, at full scale (with a flow velocity of 1.8 m/s) 
this increases to Re = 9 × 105. The drag factor for 
rectangular plates is however constant for 104 < 
Re < 106, Crowe et al. (2001) so that scale effects 
can be assumed to be negligible. In addition, the 
experiments constituted a near 2D flow situation. 
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When scaling the geometry up to full scale, this 
can only be replicated when the blade aspect ratio 
(width to depth ratio) a/b is larger than 10. For a 
scale of 1:10 this requires blade widths of 5 to 6 
m. 
4.3 Environmental effects 
In the historical literature, very little is said about 
effects of floating mills on the environment except 
that the mill owners often attempted to accelerate 
the flow – and their mill’s power – locally e.g. by 
fascines put into the river. This of course caused 
difficulties with shipping. Some books, e.g. Weis-
bach (1883) mention a localized deepening of the 
river bed without giving any specifics. Most nega-
tive effects reported focus on interference with 
shipping, the use of illegal means to accelerate the 
flow locally and arguments between mill owners 
regarding their respective locations. 
The potential effect of the accelerated flow on 
the river bed was considered as the most impor-
tant environmental effect of a floating water wheel 
installation. The flow visualization experiments 
were conducted in order to assess the flow field 
below the water wheel. Fig. 7 shows a typical ex-
ample (12 blades, maximum efficiency).  
 
 
 
Fig. 7: Visualisation of flow underneath wheel (12 blades, 
v1 = 0.58 m/s, v1 / v0 =   0.5) 
A small vortex forms behind the first blade in 
contact with the water and, quite surprisingly, a 
large vortex of diameter of approximately 3b de-
velops downstream of the wheel. Velocities below 
the vortex are still larger than the free stream ve-
locity so that probably water depths of 4b or more 
should be present if any effect on the river bed is 
to be avoided. 
The main danger to aquatic life perceived to be 
generated by floating water wheels is blade strike 
on fish. This could only happen in the surface 
layer when a blade enters the water, since the 
blades are otherwise visible and moving with only 
one third of the velocity of the flow. Currently, a 
blade strike model is under development at Sou-
thampton University. Since however even the en-
try velocity of the blade is significantly lower than 
the velocity of the water, current opinion holds 
that the danger created by blade strike is low.  
5 OTHER DEVELOPMENTS 
There are a number of other developments in the 
area of floating water current converters, ranging 
from classic water wheels to horizontal axis wheel 
designs which employ flexible blades and/or guid-
ing side skirts, and to vertical axis designs em-
ploying either Darrieux-type rotors or a set of 
guide vanes which divert the current from the half 
of the rotor which moves against the current, see 
e.g. the overview in NRC (2006). Most of the 
converters described utilize proprietary technolo-
gy and although prototypes of various designs and 
conversion mechanisms were built, practically no 
performance data is available and often not even a 
theory exists which would allow to assess the de-
velopment potential of the proposed converter.  
Some projects attempt to utilize the effect of a 
surrounding duct in order to increase the power 
generation, e.g. Ponta and Dutt (2000). The idea is 
to create a low pressure zone downstream of the 
duct by inducing flow separation and vortex for-
mation. This leads to a local acceleration of the 
flow, and in addition energy conversion principles 
which yield higher efficiencies than those of the 
simple impulse wheel such as turbines can be em-
ployed, see e.g. NRC (2006). Although there are 
far reaching claims with regard to efficiency and 
cost-effectiveness, none of the proposed conver-
ters has as yet provided reliable performance data 
so that the conclusion about the claimed perfor-
mance characteristics remains unclear.  
6 DISCUSSION 
The principal reason for the disappearance of 
floating mills was the low power production; this 
still holds. Modern engineering design can only 
improve this situation to some extent. An increase 
in blade number from eight to 24 generates an ef-
ficiency increase from 25% to 42%. Further small 
increases of up to 10% to 46% appear possible by 
increasing the drag factor of the blades to 2.3 with 
a U-shaped cross section and side disks to ensure 
2D flow conditions. If the water depth is less than 
4b, further increases can be expected; these will 
however probably be balanced by a local erosion 
of the river bed. In combination with the low 
energy density of typical river flows, it appears 
that floating horizontal axis water wheels cannot 
be expected to contribute even marginally to the 
production of renewable energy.  
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There are however advantages of the technolo-
gy for today’s environment; namely the low envi-
ronmental impact and the possibility to generate 
electricity and/or mechanical power with compa-
ratively low costs for decentralized energy pro-
duction e.g. in developing countries or in remote 
locations. The latter application in non-regulated 
rivers with areas of fast flows looks potentially in-
teresting. The simplicity of the technology, com-
bined with low investment and local construction 
and maintenance could point to this area of appli-
cation. The principal disadvantages of floating 
mills are the low efficiencies, and the slow speed 
of rotation. At full scale, rotational speeds would 
probably range from 4 to 6 rpm, and a wheel of 
10m width with blade depths of 1 m could pro-
duce a mechanical power of 32.8 kW in a flow ve-
locity of 2.5 m/s. This appears to be rather low for 
such a large installation. The low power output 
has led to several assumptions how this problem 
can be overcome. Often it is suggested to create a 
channel between the buoyancy bodies of a float-
ing mill e.g. with vertical plates to accelerate the 
flow and give increased performance. Experi-
ments conducted at Southampton University how-
ever indicated that this effect is not large; the wa-
ter chooses the path of the least resistance around 
the assembly (water wheel and floating bodies). 
It appears that for the application in industria-
lized countries with many users in rivers, and es-
pecially shipping as a major mode of transport, 
floating mills have probably disappeared forever. 
7 CONCLUSIONS 
Floating mills are today often suggested to exploit 
the energy of river currents. An investigation of 
the historical literature on this topic was con-
ducted in combination with an experimental pro-
gram and an overview of ongoing research and 
development projects. The aim was to assess the 
development potential of floating water wheels. 
The following conclusions were drawn: 
• Theory suggests that efficiencies and power 
output of floating water wheels for typical 
flow velocities are low. 
• The theoretical maximum efficiency assumed 
today of 29.6% can be improved by increas-
ing the number of blades. 
• Experimental efficiencies reached 25% for 
eight and 42% for 24 blades. 
• The environmental effects are probably mi-
nimal; flow visualization tests showed that a 
large trailing vortex develops which may 
generate local erosion of the river bed. 
Floating water wheels may not be a solution for 
large scale renewable energy production but, due 
to their simplicity and low costs, they may be a 
viable option for decentralized electricity genera-
tion in developing countries or remote locations.  
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